Background: Hepatitis B virus (HBV) and hepatitis C virus (HCV) are the major causes of chronic hepatitis infection (CHI). This longitudinal cohort study investigated the association of CHI with hepatic and extrahepatic cancer development in Taiwan Conclusion: The present population-based study revealed that in addition to its association with primary liver cancer, CHI is associated with an increased risk of extrahepatic cancer.
Background
Hepatitis B virus (HBV) and hepatitis C virus (HCV) are the major causes of chronic hepatitis infection (CHI). Approximately 2 billion people worldwide have been infected with HBV, and 360 million people are currently chronic carriers [1] . HCV has been estimated to infect approximately 185 million people worldwide, with the highest prevalence in Central and East Asian, North African, and Middle Eastern regions [2] , and more than 75 % of chronic HBV carriers reside in Asian countries, including Taiwan [3] . The prevalence of hepatitis B surface antigen (HBsAg) carriers in Asia is estimated to be 8-12 % [4] . Patients with CHI are at an increased risk of liver fibrosis, liver cirrhosis, and hepatocellular carcinoma [5, 6] .
Epidemiological studies have reported an association between CHI and primary liver cancer development [6] [7] [8] [9] . Furthermore, some studies have revealed an association between CHI and the development of extrahepatic cancers such as pancreatic cancer [10] , gallbladder and extrahepatic bile duct cancer [11] , intrahepatic cholangiocarcinoma, and non-Hodgkin's lymphoma [12] [13] [14] [15] . A study in Sweden reported an association between chronic HBV infection and upper aerodigestive tract, lung, kidney, skin, and thyroid gland cancers; lymphoma; and leukemia [16] . However, a case-control study in Shanghai, China, demonstrated that patients with HBV had no risk of cancers of the gallbladder, ampulla of Vater, and bile duct [17] . Overall, data on the association between CHI and extrahepatic cancer development in countries with endemic HBV and HCV infection are lacking. Previous studies have been conducted in countries with low prevalence and endemicity; hence, drawing a statistically supported conclusion from their results is difficult [15, 17, 18] . Moreover, these studies have focused on the association of HBV or HCV with primary liver cancer; comprehensive data on extrahepatic cancers among patients with CHI are lacking.
This longitudinal cohort study comprehensively investigated the association of CHI with extrahepatic cancer development in Taiwan, using a nationwide populationbased data set. HBV infection is endemic and HCV infection is highly prevalent in Taiwan [19] . In addition, cancer is highly prevalent in Taiwan, making the country an excellent setting for studying the association of CHI with cancer.
Methods

Data sources
In this study, the Longitudinal Health Insurance Database 2000 (LHID2000) of the National Health Insurance (NHI) program, which was launched in March 1995 to provide affordable healthcare services to all residents of Taiwan, was used. The program covered 93 % of the population in 1997, and the coverage rate increased to approximately 99.9 % by the end of 2014. The National Health Insurance Research Database (NHIRD) is a nationwide database extracted from the claims data of the NHI program for research purposes. This database contains information on inpatient and outpatient medical claims, including prescription and diagnosis records.
The LHID2000, which is a data set of the NHIRD, contains the claims data of one million beneficiaries randomly selected from all of the residents enrolled in the NHI program in 2000. No significant differences have been observed in age, sex, or healthcare costs between the entire population of this data set and all beneficiaries of the NHI program. Approval to use all the claims data and updated registries in the LHID2000 from 2000 to 2011 was received, and the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) was used to identify disease diagnoses in the NHIRD. All data were anonymized upon inclusion in the NHIRD. Notably, this study was exempted from full review by the Institutional Review Board at China Medical University and the Hospital Research Ethics Committee (IRB permit number: CMU-REC-101-012).
Study sample
In this study, the association of CHI with hepatic and extrahepatic cancer development among an adult population (≥18 years old) was investigated. The etiologies of other types of chronic hepatitis, such as autoimmune, chemical, and alcohol-related hepatitis, and nonalcoholic fatty liver disease, were excluded. Additionally, the presence of HBsAg was used as the major serum marker for cases of HBV infection recorded in the database. Patients with a history of human immunodeficiency virus (HIV) were excluded to minimize the inclusion of patients with HBV/HIV coinfection with occult HBV infection (i.e., HBsAg-negative patients with persistent HBV infection) [20] . Therefore, patients with a history of HIV (ICD-9-CM codes 042, 043, 044, V08, and 795.8) and chronic hepatitis (ICD-9-CM codes 571. 4 Patients with a diagnosis of cancer (ICD-9-CM codes 140-208) before the index date were also excluded. After applying the exclusion criteria, 15,888 patients with HBV infection (including 3,519 coinfected with HCV) and 8,830 with HCV infection (including 3,519 coinfected with HBV), who were identified during 2000-2005, were enrolled in this study as the CHI cohort and followed up until cancer diagnosis or the end of 2011, whichever occurred first. In total, 939,971 insurants without hepatitis and with information on age and sex were identified; after excluding those aged < 18 years who had had HIV or cancer before the index date, 63,552 and 35,320 control participants were identified and included in the non-HBV cohort and non-HCV cohort, respectively. The nonhepatitis cohorts were frequency matched to the CHI cohort at a ratio of 4:1 by age, sex, and index date and year (Fig. 1) .
Patients newly diagnosed with head and neck cancer (ICD-9-CM codes 140 and 149), esophageal cancer (ICD-9-CM code 150), stomach cancer (ICD-9-CM code 151), colorectal cancer (ICD-9-CM codes 153 and 154), liver cancer (ICD-9-CM code 155), gallbladder and extrahepatic bile duct cancer (ICD-9-CM code 156), pancreatic cancer (ICD-9-CM code 157), lung cancer (ICD-9-CM code 162), melanoma (ICD-9-CM code 172), skin cancer 
Statistical analyses
Pearson's chi-square test was used to compare the distributions of sociodemographic factors and various comorbidities, such as diabetes mellitus, hypertension, and hyperlipidemia, between the CHI cohort and the nonhepatitis cohorts, and the Student t-test was used to compare the number of outpatient visits between the CHI cohort and the nonhepatitis cohorts. Urbanization was categorized into four levels, with level 1 referring to the most urbanized communities and level 4 to the least urbanized communities. The geographical regions where the patients resided were divided into Northern Taiwan, Central Taiwan, Southern Taiwan, Eastern Taiwan, and the outlying islands. Additionally, the patients' monthly incomes were categorized into four groups: NT$0, NT$1-NT$15,840, NT$15,841-NT$25,000, and > NT$25,000.
The cancer incidence rates were evaluated from the initial follow-up to the end of 2011. The follow-up period (years) was defined as the duration from chronic viral hepatitis identification to cancer diagnoses or censoring for death, emigration, or withdrawal from the NHI program, whichever occurred first. Poisson regression was used to calculate the incidence rate ratios with 95 % confidence intervals (CIs) for comparison of our HBV or HCV cohorts with the adult population in the LHID2000. Finally, a Cox proportional hazard model was used to calculate hazard ratios (HRs) and 95 % CIs for determining the association between CHI and cancer development. HRs were adjusted for sex, age, geographical region, occupation, level of urbanization, monthly income, the presence of comorbidities, and number of outpatient visits. A p value < 0.05 was considered statistically significant. All statistical analyses were performed using SAS (Version 9.4 for Windows; SAS Institute, Inc., Cary, NC, USA).
Results
In our study, the patients with HBV infection were more likely to be laborers, reside in Central and Southern Taiwan, and have a higher monthly income, compared with the patients without HBV infection (Table 1) . Moreover, these patients were more likely to have diabetes mellitus, hypertension, and hyperlipidemia. Similarly, the patients with HCV infection were more likely to be laborers, reside in less urbanized areas in Southern Taiwan, and have comorbidities, compared with the patients without HCV infection. Table 2 presents the incidence densities of cancers among the patients with CHI. The Poisson regression model revealed that, compared with the adult population Furthermore, we analyzed our data after excluding those with HBV/HCV coinfection. The patients with Table 4) .
Discussion
The present population-based study revealed that CHI is associated with an increased risk of extrahepatic cancer in Taiwan. Approximately 15.4 % of the global cancer burden can be attributed to five infectious agents, namely Epstein-Barr virus, human papillomavirus, HBV, HCV, and Helicobacter pylori [21] . HBV, an enveloped DNA virus from the hepadnavirus family, has a high affinity for hepatocytes. In Asia, where HBV infection is highly endemic, vertical transmission is the main route of HBV exposure. By contrast, HCV is an RNA virus from the flavivirus family that is commonly transmitted horizontally through contaminated blood, blood products, and intravenous drug use. The association between CHI and primary liver cancer has been extensively documented [7, [22] [23] [24] , and in this study, the patients with CHI exhibited an increased risk of liver cancer. However, the mechanism by which hepatitis viruses cause liver cancer remains unclear. It has been suggested that hepatitis viruses cause genomic instability through integration into human chromosomes, which causes the chromosomal rearrangement of cellular genes and increases the likelihood of hepatocarcinogenesis [25] . Furthermore, patients with CHI are at an increased risk of non-Hodgkin's lymphoma [12] [13] [14] [15] . In this study, the patients with CHI exhibited a higher risk of non-Hodgkin's lymphoma than the nonhepatitis cohorts. This finding supports and extends previous reports of a significant association between CHI and non-Hodgkin's lymphoma. Moreover, the patients with CHI exhibited an increased risk of gallbladder and extrahepatic bile duct cancer, which confirms that patients with CHI are at an increased risk of cancer [11] . In addition to the well-established association between CHI and primary liver cancer, our results indicated that HBV infection is associated with an increased risk of pancreatic cancer. However, the association was nonsignificant after excluding the patients with HBV/HCV coinfection. This observation is attributed to the small sample size for pancreatic cancer; hence, statistical power was decreased. The pancreas serves as a potential reservoir of hepatitis viruses because of its close proximity to the liver, and the blood vessels and ducts it shares with the liver [26] . Thus, the increased risk of pancreatic cancer among the patients with HBV can be attributed to these two factors. Moreover, previous meta-analyses have reported an increased risk of pancreatic cancer among patients with HBV infection [27, 28] , which corroborate our findings.
In the present study, other cancers such as kidney cancer, colorectal cancer, and ovarian cancer were also associated with CHI. Sundquist et al. determined that there was an increased incidence of kidney cancer among patients with HBV, substantiating our results [16] . Nevertheless, the increased risk of kidney cancer observed here is a novel finding that requires further investigation. Only a few studies have investigated the association between CHI and colorectal cancer, and they have reported inconsistent findings [18, 29] . Rustagi et al. demonstrated that HCV is an independent risk factor for colorectal adenoma, and reported that HCV is associated with a 2.04-fold higher risk of colorectal cancer [29] . By contrast, in this study, we only observed this association among the patients with HBV. In addition, previous studies have suggested that X protein from HBV can bind and interfere with the components of the DNA repair machinery and p53 tumor suppressor in response to DNA damage, thereby increasing the risk of colorectal cancer [18, 30] . In addition, the HBV X protein has been reported to be highly expressed in the ovarian cancer cells of Chinese women, implying that it may be involved in the carcinogenesis of ovarian cancer [31] . However, the association between CHI and the aforementioned cancers was nonsignificant after excluding the patients with HBV/HCV coinfection, which reduced the statistical power of the study. By contrast, Mahale et al. and Lee et al. have argued that there is an increased risk of head and neck, prostate, and esophageal cancers among patients with HCV [32, 33] . However, a nonsignificant association was observed between CHI and these cancers in this study, which is consistent with the findings of similar research in the United States [34, 35] . This discrepancy can be attributed to the control group selected by Mahale et al., which included patients diagnosed with lung, esophageal, and urinary bladder cancers [32] . Moreover, the novel findings reported by Lee et al. can be attributed to the study's small sample size for esophageal and prostate cancers [33] .
A major strength of the present study is that it analyzed a large cohort of patients identified from the NHIRD, covering nearly the entire population of Taiwan. Only patients diagnosed with HIV infection, alcohol-related hepatitis, and autoimmune hepatitis were excluded, to prevent the confounding effects of these diseases from skewing our results. However, this study has some limitations. First, the NHIRD does not contain detailed information about patients' smoking habits, alcohol consumption, family cancer history, body mass index, nutritional status, environmental exposure to chemicals, or history of substance use; therefore, we could not rule out the potential confounding effects of these factors. Another limitation is the small sample size for specific rare cancers, which reduced the statistical power of this study.
Conclusions
In addition to the well-established association between CHI and primary liver cancer, the present populationbased cohort study revealed that CHI is associated with an increased risk of extrahepatic cancers of the colon and rectum, gallbladder and extrahepatic bile ducts, pancreas, kidneys, and ovaries, as well as non-Hodgkin's lymphoma. 
